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(54) Optical receiver with a high impedance preamplifier 



(57) The present invention provides a high imped- 
ance optical receiver circuit (200) for use in integrated 
circuits. The receiver circuit consists of an optical detect- 
ing device (205) connected to the gate of an FET device 
(210) and further connected to a diode (215) providing a 
load impedance. The FET device is connected to a bi- 
asing voltage V B1AS+ through a biasing resistive element 
(225) and to a conditioning stage output. The use of a 
diode (215) to provide a load impedance allows for a 
smaller and easier to manufacture receiver circuit than 
would be possible using either a load resistor or a load 
FET. According to one aspect of the present invention, 
a digital integrated circuit employing SEED technology 
incorporates a plurality of diode-loaded receiver in an ar- 
ray of optical receiver circuits to reduce the footprint of 
the overall SEED circuit array. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to optical receivers 
employing high impedance preamplifiers, and in partic- 
ular, integrated circuits employing such receivers. 

BACKGROUND OF THE INVENTION 

A promising application of light wave transmission 
lies in facilitating communication between integrated cir- 
cuits within a system. Integrated circuits, such as mem- 
ory chips and microprocessors, may communicate data 
by transmitting and receiving optical signals. Integrated 
circuits presently effect the transmission and reception 
of optical signals using Self-Electrooptic Effect Devices 
(SEEDs). See, Woodward, et ai, "Operating character- 
istics of GaAs/AlGaAs FET-SEED Smart Pixels," 1992 
I EDM Tech. Digest p. 655 (IEEE 1992), which is incor- 
porated herein by reference. An integrated circuit em- 
ploying SEED technology, contains arrays of optical re- 
ceivers and optical modulators which receive and trans- 
mit data respectively. By employing SEED technology in 
many or all integrated circuits within a system, the prob- 
lems and limitations resulting from the use of hardwired 
interconnections, such as wiring complexity, crosstalk, 
and paras itics may be reduced or eliminated. Such ap- 
plications involve the inclusion of a substantial number 
of optical transmitters and receivers in one integrated cir- 
cuit. 

In integrated circuit or microchip design, however, 
as in all circuit design, the consumption of physical space 
incurs cost. The implementation of SEED technology re- 
quires a significant amount of the substrate surface area, 
as it encompasses the addition of large numbers of op- 
tical receiver and transmitter circuits. As a consequence, 
any improvement that operates to reduce the footprint, 
or surface area required by the SEED devices can result 
in significant financial savings, particularly in mass pro- 
duced products. 

Optical receiver circuits, such as those employed in 
SEED-based communication systems typically include 
a preamplifier stage comprising a light detecting device 
and an amplification device. The preamplifier stage re- 
ceives light wave or optical signals and provides at its 
output an electrical signal that is representative of the 
received optical signal. A number of constraints apply to 
SEED optical receivers that do not apply in a typical pho- 
to-receiver. One constraint is the requirement of a small 
footprint. Another requirement is that the SEED optical 
receiver must produce output signals compatible with 
processing by electronic logic circuitry. 

Two classes of preamplifier stages have gained fa- 
vor with circuit designers, the transimpedance preampli- 
fier stage and the high impedance preamplifier stage. 
The primary difference between the amplifiers is that 
transimpedance amplifiers are closed loop devices while 



high impedance amplifiers are open loop devices. Each 
class of preamplifiers has its advantages and disadvan- 
tages. High impedance preamplifiers, however, combine 
high sensitivity with a minimal component count, which 

5 helps satisfy the constraints discussed above. As a re- 
sult, integrated circuits employing SEED technology may 
include an array of optical receivers, each including a 
high impedance preamplifier stage. Although the use of 
high impedance preamplifiers reduces the receiver foot- 

10 print, still further reduction is advantageous. 

It is well known that the footprint of a particular circuit 
may be reduced by optimizing component selection. It is 
also known that various circuit elements occupy different 
amounts of the substrate surface. In particular, resistors 

75 occupy a relatively large surface area in semiconductor 
integrated circuits. As a result, it is advantageous to sub- 
stitute smaller elements for resistors in microchip-based 
high impedance optical receiver/preamplifiers. It is also 
known that afield effect transistor (FET) with its gate tied 

so to its source may provide a suitable substitute for a re- 
sistor in certain circumstances. Because FETs are small- 
er than integrated circuit resistors, such as thin-film re- 
sistors, FETs are used in place of resistors when possi- 
ble. FET-type devices, however, typically consist of at 

2S least three terminals, each of which requires a portion of 
the substrate surface. 

SUMMARY OF THE INVENTION 

30 The present invention provides a novel single beam 
optical receiver including a high impedance amplifier. 
The receiver consists of an optical detecting device con- 
nected to both the gate of an FET device and a load diode 
providing a load impedance. The FET device is connect- 

35 ed to a biasing voltage through a biasing impedance, 
forming a high gain inverter. The use of a diode to provide 
a load impedance allows for a smaller and easier to man- 
ufacture receiver circuit than would be possible using ei- 
ther a load resistor or a load FET. 

40 According to one embodiment of the present inven- 
tion, a digital integrated circuit employing SEED technol- 
ogy incorporates a plurality of such diode-loaded optical 
receivers to facilitate optical communications between 
integrated circuits with minimal consumption of space. 

45 The above-discussed features, as well as additional 
features and advantages of the present invention, will 
become apparent by reference to the following detailed 
description and accompanying drawings. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary prior art high imped- 
ance optical receiver circuit; 

55 FIG. 2 illustrates a novel high impedance optical 
receiver circuit operable to convert input light signals 
to electrical digital signals according to the present 
invention; 
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FIG. 3 illustrates a graph of the load characteristic 
for a diode which may suitably be employed in an 
optical receiver operating according to the present 
invention; and 

FIG. 4 illustrates a block diagram of an integrated 
circuit including a plurality of high impedance optical 
receivers operating according to the present inven- 
tion. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary prior art high imped- 
ance optical receiver 100. The receiver 100 receives a 
light signal at its input, a photodiode 105, and produces 
an amplified electrical signal representative of the incom- 
ing optical signal at an output 108. The cathode of the 
photodiode 105 is connected to a positive bias voltage 
VBI AS+ while its anode is connected to both the gate of 
an FET 110 and a load resistor 115. The load resistor 
115 is further connected to a negative bias voltage VBI- 
AS-. The FET 110 is coupled to the output 108 and is 
further connected to VBI AS+ through a bias resistor 1 25, 
forming a known type of high impedance inverter. 

When a strong light signal strikes the photodiode 
105, the photodiode 105 conducts current in reverse 
mode, or in other words, from cathode to anode. Thus, 
current flows from VBIAS+ to VBIAS- through the load 
resistor 115, thereby raising the gate voltage of the FET 
110 in excess of the inverter threshold voltage. The in- 
verter threshold voltage is a voltage above which the in- 
verter produces a low output voltage and below which 
the inverter produces a high input voltage. Thus, when 
a strong light signal is striking the photodiode 105, the 
voltage at the gate of the FET 1 1 0 will cause the inverter 
formed by the FET 110 and the resistor 125 to produce 
a low output voltage. When the strong light signal is re- 
moved or replaced by a weak light signal, the photodiode 
105 ceases to conduct current, and the lack of current 
will decrease the voltage appearing across the load re- 
sistor and at the gate of the FET 1 1 0. The voltage at the 
gate of the FET 110 falls below the threshold voltage of 
the inverter. As a result, the inverter formed by the FET 
110 and the resistor 125 will produce a high output volt- 
age. 

In addition to the substantial circuit footprint required 
by the load resistor 115, the receiver 100 is only useful 
for a limited range of input currents. Because the resistor 
115 has a linear relationship between current and volt- 
age, the voltage change induced by increasingly large 
input current variations increases without bounds. Such 
large voltage excursions may saturate or otherwise ad- 
versely affect the operation of the FET 110, thereby lim- 
iting the useful range of input currents that can be ac- 
commodated. 

To reduce the footprint, it is known that if the load 
resistor 1 1 5 is removed from the circuit in FIG. 1 , a strong 
light signal will nevertheless cause the inverter to pro- 



duce a low output voltage. In such a case, the light signal 
causes the photodiode to conduct current which charges 
the gate capacitance of the FET 110, thereby causing 
the gate voltage of the FET 110 to exceed the inverter 
s threshold voltage. It is noted, however, that when the 
strong light signal is removed, the gate capacitance has 
no discharge path, as it does when the resistor 115 is 
present. Thus, the inverter formed by the FET 110 and 
the resistor 1 25 continues to produce a low output volt- 
age after the strong light signal is removed. 

It is also known that a second photodiode may be 
implemented to provide the required discharge path. See 
Woodward, et al., "Operating Characteristics of GaAs/AI- 
GaAs FET-SEED Smart Pixels," cited above. In such an 
implementation however, a second light beam is re- 
quired to activate the discharge path when the original 
strong light signal is removed. 

FIG. 2 illustrates a circuit including a novel high im- 
pedance single beam optical receiver 200 comprising a 
photodiode 205, an FET 210 having a gate 211 , a drain 
212 and a source 21 3, a load diode 215, and a bias FET 
225. 

The photodiode 205, which may suitably be a GaAs 
multiple quantum well p-i-n, a p-i-n, metal semiconduc- 
tor, Schottky or an avalanche photodiode, comprises an 
anode and a cathode. The cathode is connected to a first 
bias voltage VBI AS+ and the anode is connected to both 
the gate 211 of the FET 210 and the anode of the load 
diode 215. The load diode 215 may suitably be a GaAs 
p-n junction diode, a Schottky diode, a p-i-n junction di- 
ode, or a silicon-based diode. The photodiode 205 is re- 
verse biased with respect to the load diode 215. The 
cathode of load diode 215 is connected to a balancing 
voltage, VBAL-. The voltages VB IAS+ and VBAL- may 
suitably be +10 Vdc and -1 Vdc, respectively. Such volt- 
age levels are given by way of example, other suitable 
levels may be employed. The relationship between the 
operation of the circuit and VBIAS+ and VBAL- is ex- 
plained further below. 

The drain 212 of the FET 210 is connected to a sec- 
ond bias voltage, which may suitably be the same as the 
first bias voltage, VBIAS+, through the bias FET 225. 
The FET 21 0 and the bias FET 225, as configured, com- 
prise a known form of a high gain inverter that provides 
preamplification and operates in essentially the same 
manner as the inverter discussed above in connection 
with FIG. 1. The high gain inverter formed by the FETs 
210 and 225 produces at its output, which is the drain 
212 of the FET 210, a high logic voltage level or a low 
logic voltage level, depending upon the input voltage at 
the gate 21 1 . The FETs 210 and 225 may be GaAs doped 
channel heterojunction FETs, doped channel HFETs, 
GaAs MESFETs, or silicon based FETs. The source 21 3 
of the FET 210 is connected to ground. 

In a first embodiment of the receiver 200, the pho- 
todiode 205 is a GaAs multiple quantum well (mqw) p-i-n 
modulator, the load diode 215 is a GaAs Schottky diode, 
and the FETs 205 and 225 are GaAs doped-channel het- 
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erojunction FETs. The inverter formed by the FETs 205 
and 225 exhibits a threshold voltage of approximately 
-0.3 Vdc in this embodiment. 

In operation, the receiver 200 receives digital light 
signals, the digital light signals having a first level of in- 
tensity representative of one binary value and a second 
intensity level representative of the other binary value. A 
signal of the first intensity level will be referred to as a 
strong light signal and a signal of the second intensity 
level will be referred to as either a weak light signal or 
the lack of a strong light signal. The receiver 200 con- 
verts the digital light signals into digital electrical signals 
in the manner discussed below. 

When a strong light signal strikes the photodiode 
205, the photodiode 205 conducts current at a first cur- 
rent level. The first current level is imposed upon the load 
diode 215, forward biasing the load diode 21 5 and caus- 
ing the load diode 215 to exhibit a first voltage drop V d1 
in accordance with its voltage-current or v-i characteris- 
tic. The v-i characteristic of an ideal forward-biased diode 
is I = l 0 e cv , where c and l 0 are device dependent con- 
stants. 

A typical v-i characteristic for a forward-biased diode 
is illustrated in FIG. 3. For relatively low bias voltages, 
the curve 310 is flat and very little current is conducted. 
For bias voltages above some threshold 31 5, the current 
curve 320 increases rapidly as a function of bias voltage. 
The load diode 215 should be chosen such that the cur- 
rent from the photodiode 205 under a strong light signal 
causes V d1 to exceed the threshold 315, for reasons that 
will be explained further below. In the first embodiment, 
for example, a 1 0u,W light signal may be used to provide 
a strong light signal, which in turn causes the photodiode 
215 to conduct current at approximately 5uA The load 
diode 215 in this embodiment exhibits a voltage drop of 
approximately 0.72 vdc at 5jiA of current. 

When the voltage drop of the load diode is equal to 
V d1 , the voltage at the gate 211 exceeds the inverter 
threshold voltage, which causes the inverter to produce 
a low logic output voltage. To this end, VBAL- should be 
chosen such that VBAL-, when added to V d1 , produces 
a voltage at the gate 211 that exceeds the inverter 
threshold voltage. For example, in the first embodiment 
of this circuit, VBAL- is suitably -1 Vdc. 

Thereafter, when the strong light signal is removed 
or replaced by a weak signal, the photodiode 205 pro- 
duces a current at a second level that is lower than the 
first current level. The second level of photodiode current 
may suitably comprise essentially no current. 

At that instant, the inherent capacitance of the gate 
21 1 maintains the first voltage drop level, V d1 , across the 
load diode 21 5. This charge on the gate 21 1 subsequent- 
ly discharges through the load diode 215. As the gate 
211 discharges, the voltage drop across the diode 215 
decreases, and the discharge current decreases. In oth- 
er words, the voltage drop of the load diode 215 moves 
from right-to-left on the graph in FIG. 3. 

The gate 211 continues to discharge at least until 



the voltage at the gate falls sufficiently below the inverter 
threshold to change the inventor output to the high logic 
level. At this point, the voltage drop exhibited by the load 
diode 215 is defined as V^, where V d2 comprises a sec- 

5 ond load diode voltage drop that is lower than V dv The 
voltage at the drain 212 of the FET 210 then rises to a 
high logic voltage level. It should be noted that because 
V d1 was chosen on a point on the portion 320 of the curve 
in FIG. 3, relatively large levels of discharge current flow 

10 through the diode 21 5, allowing the gate to discharge to 
below the inverter threshold voltage fairly rapidly, which 
is essential for high speed operation. 

To accomplish the foregoing, VBAL- must be adjust- 
ed so that V d1 and V^ cause the voltage at the gate 211 

is to fall on either side of the inverter threshold voltage. Fur- 
thermore, the load diode 215 should preferably exhibit 
at least a 200 mV difference between V d1 and V d2> to 
insure complete switching of the inverter during high fre- 
quency operation of on the order of 200 Mbit/s. This re- 

20 quirement is due to the fact that an inverter does not 
switch perfectly at its gate threshold voltage, but over a 
range, which in the case of the inverter used in embod- 
iment A is 30 mv. Diodes having suitable v-i characteris- 
tics may be readily selected by those of ordinary skill in 

25 the art. 

The receiver 200, as described above, produces an 
electrical binary signal version of the input digital light 
signal, and, moreover, offers spatial advantages and 
manufacturing advantages over the receiver 100 illus- 

30 trated in FIG. 1. In particular, by replacing the load resis- 
tor 1 15 with the load diode 21 5, the circuit 200 consumes 
less chip surface space. Moreover, due to their physical 
structure, diodes are less costly to incorporate into a in- 
tegrated circuit than resistors. In comparison, the known 

35 alternative of replacing the load resistor with an FET, 
while constituting an improvement, nevertheless occu- 
pies more surface area than the load diode. 

It should further be noted that because the diode has 
ideally an exponential relationship between current and 

40 voltage, an improved dynamic range of input currents 
may be accommodated. Large input currents do not pro- 
duce excessively large voltage excursions at the input to 
the FET 21 0 as they would using a load resistor because 
the load diode 215 tends to saturate. 

4S a diode, however, is not typically used as a resistor 
substitute, such as, for example, an FET with its gate tied 
to its source, primarily because the diode response is 
extremely nonlinear. This nonlinearity introduces sub- 
stantial distortion that would be unacceptable in many 

50 circuits in which an optical receiver is used. It has been 
found, however, that for an optical receiver used for dig- 
ital signal transmission between integrated circuits, the 
load need not behave predominately as a resistor. The 
flexible load requirement is due in part to the nature of 

55 digital communications wherein the optical signal only 
has two states, high (1 ) or low (0). As a result, the signal 
distortion caused by the nonlinear diode response is tol- 
erable. 
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It is to be noted that a circuit similar to that described 
as the first embodiment has been operated successfully 
with a 300 Mbit/s intensity modulated digital tight signal. 
It was found that at considerably higher speeds, the input 
capacitance of the FET 210 began to impair perform- 
ance. 

FIG. 4 illustrates an integrated circuit 400 which is 
operable to accomplish opto-electrical interconnection 
with other integrated circuits using FET-SEED technolo- 
gy. An integrated circuit as described herein means a cir- 
cuit having all circuit elements built into a single semi- 
conductor substrate. The integrate circuit 400 may be ei- 
ther monolithically integrated or hybrid. Particular details 
regarding FET-SEED communication between integrat- 
ed circuits may be found for example, in Woodward, et 
al., "GaAs/AIGaAs FET-SEED Receiver/Transmitters," 
OSA Proc. on Photonics in Switching p. 89 (Optical So- 
ciety of America 1993), which is incorporated herein by 
reference; and Woodward, etal., "Operating Character- 
istics of GaAs/AIGaAs FET-SEED Smart Pixels," cited 
above. 

The integrated circuit 400 is situated in a location 
within a circuit arrangement, not shown, to receive di- 
rected optical input signals from a substantial plurality of 
sources 405 1 through 405 n . The optical signal sources 
405, through 405 n may suitably comprise FET-SEED 
modulators located on one or more other integrated cir- 
cuits, not shown. 

The integrated circuit 400 comprises a monolithic 
GaAs chip having a substantial plurality of optical detec- 
tors 410, through 41 0 n , each of which is connected to 
one of a substantial plurality of signal conditioning devic- 
es 415, through 41 5 n . Each of the detectors 410, 
through 41 0 n comprises the optical receiver circuit 200 
discussed above in connection with FIG. 2. The signal 
conditioning devices 415, through 41 5 n comprise any 
suitable circuit elements capable of converting input bi- 
nary signals to signal levels appropriate for the particular 
logic family used. Circuitry capable of producing appro- 
priate BJT levels, FET levels or levels compatible with 
any other standard logic family is well known to those of 
ordinary skill in the art. The signal conditioning devices 
415, through 41 5 n are in turn coupled by lines 420, 
through 420 n toa blockof digital processing circuitry 425. 
The digital processing circuitry 425 may comprise a se- 
ries of logic gates, a gate array, or one or more micro- 
processors. 

The precise number of the substantial plurality of op- 
tical detectors 410, through 41 0 n depends on the digital 
processing circuitry involved. The advantages of the 
present invention are substantial in circuits having over 
100 parallel inputs. With the advanced state of microe- 
lectronics, digital processing circuitry such as, for exam- 
ple, a large scale random access memory, an advanced 
microprocessor or parallel processor often requires 1000 
parallel inputs or more. The size advantages of the 
present invention are further amplified with respect to 
such devices. 



Various output lines 430, through 430 m of the digital 
processing circuitry 425 are coupled to line driver circuits 
435, through 435 m . Each of the line driver circuits 435, 
through 435 m may suitably comprise a SEED-type mod- 

s ulator for producing optical output signals. See, for ex- 
ample, "GaAs/AIGaAs FET-SEED Receiver/Transmit- 
ters", cited above. 

The circuit described above operates in the following 
manner. A plurality of digital optical signals from a plu- 

io rality of optical signal sources 405, through 405 n strike 
a plurality of detector circuits 410, through 420 n . Prefer- 
ably, each digital optical signal OPT x is directed to strike 
a particular detector circuit 41 0 X . Techniques for gener- 
ating and directing optical signals between integrated cir- 

15 cuits are well known. F.B. McCormick et al., "Six Stage 
Digital Free Space Optical Switching Network Using 
Symmetric Self-Electrooptic Effect Devices," Applied 
Optics , Vol. 32, p. 5153 (September 10, 1993). 

Each detector circuit 41 0 X then produces at its out- 

20 put an electrical binary signal EL X in some form. By elec- 
trical binary signal it is meant that one voltage level rep- 
resents a "1 " value and another voltage level represents 
a D 0" value. The signal conditioning circuits 41 5, through 
41 5 n adjust these "1 " and "0" voltage levels so that they 

2S conform with the levels required by the logic family em- 
ployed in the digital circuitry 425. In some cases, the op- 
tical detectors 410, through 41 0 n produce binary signal 
levels which are already compatible with the digital cir- 
cuitry 425. In such cases, the signal conditioning circuits 

30 415, through 41 5 n are not required. 

In any event, each conditioned signal EL X is provid- 
ed to the digital processing circuitry 425 through an input 
line 420^. Optimally, each detector circuit 41 0 X is physi- 
cally located in close proximity to the portion of the digital 

35 processing circuitry 425 that processes the input from 
the signal source 405 x . This placement of the detector 
circuits 41 0, through 41 0 n minimizes the physical length 
of the input lines 420, through 420 n which in turn con- 
serves substrate area. The digital circuitry 425 process- 

40 es the incoming data and provides a plurality of output 
signals on output lines 430, through 430 m . In order to 
transfer the data from the output lines 430, through 430 m 
to the appropriate destination, for example, another in- 
tegrated circuit, not shown, the output signals are pro- 

45 vided to line drivers 435, through 435 m . The line drivers 
435, through 435 m then prepare and transmit the outgo- 
ing signals by known techniques. 

In another embodiment of the present invention, the 
positions of the photodiode 205 and the load diode 215 

50 of the circuit illustrated in FIG. 2 may be interchanged to 
form a non-inverting receiver. The appropriate bias volt- 
ages required to implement such an embodiment would 
be apparent to one of ordinary skill in the art. 

Additionally, it may be advantageous to employ the 

55 load diode 21 5 in combination with a parallel load resis- 
tor. The load resistor serves to provide a load impedance 
for voltage levels at which the load diode 215 conducts 
very little current. While the addition of the load resistor 
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somewhat improves the range of inverter threshold volt- 
age levels which may be accommodated, the spatial ad- 
vantages of the present invention are lost. 

It is to be understood that the above-described ar- 
rangements of the invention are merely illustrative. Other 
arrangements may be readily devised which will embody 
the principles of the invention and fall within the spirit and 
scope thereof. For example, while the bias FET 225 pro- 
vides a biasing impedance for the FET 210 in FIG. 2 
above, a resistor or other suitable biasing impedance 
may be used, although at some spatial cost. Likewise, 
while the load diode 215 is shown as a discrete element 
in FIG. 2, an inherent diode formed by the gate-source 
junction of some FETs, which are well known to those of 
ordinary skill in the art, may instead be employed as the 
load diode 215, if appropriate biasing levels are em- 
ployed. Furthermore, the integrated circuit 400 may be 
formed from a material other than GaAs, such as silicon. 



Claims 

1. A high impedance optical receiver circuit for use in 
an integrated circuit, theoptical receiver circuit oper- 
able to receive single beam optical signals and pro- 
duce electrical signals representative of the optical 
signals, the optical receiver circuit comprising: 

a) a photodiode having a cathode and an anode, 
the cathode connected to a first bias voltage and 
the anode connected to a load diode, the pho- 
todiode being reverse biased with respect to the 
load diode; and 

b) an FET including a gate, a drain and a source, 
the gate connected to both the anode of the pho- 
todiode and the load diode, and the drain con- 
nected to a second bias voltage through a bias- 
ing impedance. 

2. The optical receiver circuit of claim 1 further com- 
prising a conditioning stage connected to the drain 
of the FET 

3. The optical receiver circuit of claim 1 wherein the 
photodiode comprises a multiple quantum well p-i-n 
photodiode. 

4. The optical receiver circuit of claim 1 wherein the 
biasing impedance comprises a bias FET, the bias 
FET including a gate and a source, said FET having 
its gate and source tied together. 

5. The optical receiver circuit of claim 1 wherein the 
biasing impedance comprises a resistor. 

6. The optical receiver circuit of claim 1 wherein the 
photodiode, the load diode, the FET and the biasing 



10 

impedance are monolith ically integrated on a single 
semiconductor substrate. 

7. A monolithic integrated circuit comprising a substan- 
5 tial plurality of optical inputs, the integrated circuit 
comprising: 

a) a substantial plurality of optical receiver cir- 
cuits, each optical receiver circuit operable to 

10 receive single beam optical signals and produce 

electrical signals representative of the optical 
signals, the optical receiver circuits each com- 
prising; 

is - a photodiode having a cathode and an an- 

ode, the cathode connected to a first bias 
voltage and the anode connected to a sec- 
ond diode, the photodiode being reverse bi- 
ased with respect to the second diode; and 

20 

an FET including a gate, a drain and a 
source, the gate connected to both the an- 
ode of the photodiode and the diode, and 
the drain connected to a second bias volt- 
25 age through a biasing impedance; 

b) digital processing circuitry having a substan- 
tial plurality of inputs and one or more outputs, 
each input connected to at least one optical 

30 receiver circuit; and 

c) one or more line drivers connected to the one 
or more outputs of the digital circuitry. 

35 8. The integrated circuit of claim 7 wherein at least one 
of the one or more line drivers comprises an optical 
modulator. 

9. The integrated circuit of claim 7 wherein the digital 
40 circuitry includes a microprocessor. 

10. The integrated circuit of claim 7 wherein the digital 
circuit includes a gate array. 

45 11. The integrated circuit of claim 7 wherein the sub- 
stantial plurality of optical inputs comprises at least 
1000 optical inputs. 

12. A high impedance optical receiver circuit operable 
so to receive single beam digital light signals, the light 
signals having first and second intensity levels, each 
intensity level representative of one binary value, the 
receiver circuit comprising: 

ss a) a photodiode having a cathode and an anode, 

the cathode connected to a first bias voltage, 
said photodiode operable to produce first and 
second current levels, each current level corre- 
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sponding to one of the two light intensity levels; 

b) a load diode having a cathode and an anode, 
the anode of the load diode anode connected to 
the anode of the photodiode, said load diode 5 
operable to produce a first voltage drop upon 
imposition of the first photodiode current level 
thereon, and a second voltage drop upon impo- 
sition of the second photodiode current level 
thereon; and w 

c) a high gain inverter having an input and an 
output, the input connected to the anode of the 
load diode, the inverter operable to produce a 
high logic output voltage corresponding to the is 
first load diode voltage drop and a low logic out- 
put voltage corresponding to the second load 
diode voltage drop. 

13. The circuit of claim 12 wherein the photodiode com- 20 
prises a GaAs multiple quantum well p-i-n diode and 

the load diode comprises a GaAs Schottky diode. 

1 4. The circuit of claim 1 2 wherein the high gain inverter 
comprises an FET having a gate, a drain and source 25 
connected through a biasing impedance to a second 
bias voltage. 

15. The circuit of claim 12 wherein the cathode of the 
load diode is connected to a balancing voltage, the 30 
balancing voltage in combination with the first load 
diode voltage drop is sufficient to cause the inverter 

to produce the high logic output voltage, and the bal- 
ancing voltage in combination with the second load 
voltage drop is sufficient to cause the inverter to pro- 35 
duce the low logic output voltage. 

16. The circuit of claim 12 wherein the first load diode 
voltage drop exceeds the second load diode voltage 
drop by at least 200 mV. 40 

17. The circuit of claim 12 wherein the photodiode, the 
load diode and the inverter are monolithically inte- 
grated on a single semiconductor substrate. 
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